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ABSTRACT 

This article reports the use of the Gsul restriction enzyme to differentiate genotypes of Bovine Coronavirus 
(BCoV), based on an 18-nucleotide deletion of Sl-coding region found in one of the two genotypes. It was 
concluded that this assay can be used as a rapid tool for BCoV genotypes differentiation. 
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Bovine coronavirus (BCoV) is an important pathogen of 
cattle, leading to respiratory and enteric disease both in adult 
and newborn bovines (4, 10, 11). BCoV is a member of the 
group 2 of the genus Coronavirus (Nidovirales: 
Coronaviridae) (5, 7), with a genome formed by a single- 
stranded non-segmented positive-sense RNA with 32 kb, 
arranged in a nucleocapsid of helical symmetry in association 
with the N nucleoprotein, a conserved phosphoprotein with 50- 
60kDa rich in basic amino acids (7, 9). The viral envelope of 
BCoV is formed by a lipid bi-layer with four structural proteins 
(HE, S, E and M), resulting in a spiked structure (9). 

The major envelope protein of BCoV is the spike (S) 
protein, organized as trimers that appear as 20-nm-long 
projections in the viral envelope with domains responsible for 
receptor binding, hemagglutination and induction of 
neutralizing antibodies. Spike protein is the most polymorphic 
among all coronavirus proteins and is divided in the subunits 
SI and S2 (2, 3). Brandao et al. (1) reported the existence of 
two different genotypes of BCoV in Brazil and one of these has 
a deletion of 18 nucleotides in the hypervariable region of the 
SI subunit of S gene. 



This study aimed to evaluate the use of a restriction 
enzyme assay as a specific, sensitive and practical tool to 
differentiate genotypes of BCoV for the molecular 
epidemiology of BCoV-caused diseases. 

A restriction enzyme selection was carried out based on 
the 488bp amplicon respective to the Sl-coding region of 
BCoV described by Brandao et al. (1). The nucleotide region 
of the GenBank sequences AF058942 and AY606200 referent 
to the above-mentioned amplicon was used, being the second 
sequence representative of the deleted genotype. 

Using the Bioedit 7.0.5.3 software (6), the Gsul (Bpml) 
restriction enzyme was selected which is able to cleave the 
488bp amplicon at a single point in the region of the 18 
nucleotides found in the non-deleted genotype of BCoV, with 
predicted fragments of 279 and 209bp for this genotype and no 
cleavage for the deleted genotype. For the assay, two fecal 
samples from dairy cattle from Sao Paulo State, positive for the 
presence of BCoV and previously studied by DNA sequencing 
in the hypervariable region of gene S (GenBank accession 
numbers AY606199 and FJ899737) were used, on the 
condition that the first sequence presents the 18-nucleotide 
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deletion. 

Total RNA was extracted from the supernatants of 20% 
suspensions of the samples in DEPC-treated water and 
submitted to the nested-RT-PCR described by Brandao et al. 
(1) for the generation of the 488bp amplicon, which was 
purified from 1.5% agarose gels with Ilustra™ (GE 
Healthcare). For the enzyme assay, l|iL of each purified 
amplicon (approximately 4ng of DNA) were added to 5U of 
Gsul (Bpml) and incubated at 37°C for 1, 2, 4 and 8 hours 
according to manufacturer's instructions. 



The products of the digestion were finally resolved in 
1.5% agarose stained with 0.5|ig/mL ethidium bromide and 
observed under UV light. The two fecal samples resulted in the 
expect amplicons of approximately 488bp after nested RT- 
PCR. After incubation periods of 1, 2, 4 and 8 hours, 
electrophoresis of the digested amplicons resulted in the 
predicted 279 and 209bp fragments for strain FJ899737 of the 
non-deleted genotype, while no digestion was produced for 
strain AY606199 (Figure 1). 
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Figure 1. Agarose gel electrophoresis of the digested amplicons products of BCoV S gene in four periods with Gsul. Lane 1 
and 6: Both genotypes, without the enzyme treatment (488bp). Lanes 2 to 5: deleted genotype after enzyme treatment for 1, 2, 4 
and 8 hours (488bp); Lanes 7-10: non-deleted genotype with double digestion after enzyme treatment for 1, 2, 4 and 8 hours 
(279 and 209bp). Lane L - molecular weight marker (lOObp). 



No difference in the intensity or number of digested 
products was noticed for the four different incubation periods. 

The generation of genetic molecular data for BCoV is a 
major point for a comprehensive Epidemiology of enteric and 
respiratory disease in cattle caused by this virus. The existence 
of molecular markers for the differentiation of BCoV lineages 
allows the generation of genealogic analysis for both BCoV 
detection and typing. Nonetheless, DNA sequencing is a time- 
consuming and expensive technique which needs skilled 
personnel and high-level laboratory facilities. 

RFLP has been recently described as a reliable tool for the 
differentiation of Japanese BCoV lineages (8), but the use of 



multiple restriction enzymes increases both time and costs for 
the generation of results. The enzyme restriction assay 
described herein allows the generation of molecular data in a 
short time employing a single enzyme; taking into account that 
all four digestion periods produced identical results (Figure 1), 
the final enzyme assay protocol can be proposed as based in an 
1-hour digestion. 

It can be concluded that the enzyme assay with Gsul 
(Bpml) can be used as a rapid tool for differentiation of 
genotypes of BCoV when compared to DNA sequencing and 
can help the control of the disease by the tracking of BCoV 
transmission. 



811 



Souza, S.P. et al. 



Differentiation of Bovine coronavirus 



ACKNOWLEDGEMENTS 

The authors are grateful to FAPESP (Fundacao de Amparo 
a Pesquisa do Estado de Sao Paulo) for the financial support 
(Grant #2007/59108-4). 

REFERENCES 

1. Brandao, P.E.; Gregori, F.; Richtzenhain, L.J.; Rosales, C.A.R.; 
Villarreal, L.Y.B.; Jerez, J.A. (2006). Molecular diversity of Brazilian 
strains of bovine coronavirus (BCoV) reveals a deletion within the 
hypervariable region of the SI subunit of the spike glycoprotein also 
found in human coronavirus OC43. Arch. Virol, 151 (9) 1735-1748. 

2. Cavanagh, D. (1995). The coronavirus surface glycoprotein. In: Siddell, 
S.G. (ed). The Coronaviridae. Plenum , New York, USA, p. 73-113. 

3. Collins, A.R.; Knobler, R.L.; Powell, H.; Buchmeier, M.J. (1982). 
Monoclonal antibodies to murine hepatitis virus-4 (strain JHM) define 
the viral glycoprotein responsible for cell attachment and cell-cell 
fusion. Virology. 119 (2), 358-371. 

4. Dea, S.; Michaud, L.; Milane, G. (1995). Comparison of bovine 
coronavirus isolates associated with neonatal calf diarrhea and winter 



dysentery in adult dairy cattle in Quebec. / Gen Virol, 76 (5), 1263- 
1270. 

5. Gonzalez, J.M.; Gomez-Puertas, P.; Cavanagh, D.; Gorbalenya, A.E.; 
Enjuanes, L. (2003). A comparative sequence analysis to revise the 
current taxonomy of the family Coronaviridae. Arch. Virol. 148 (11), 
2207-2235. 

6. Hall, T.A. (1999). BioEdit: a user-friendly biological sequence 
alignment editor and analysis program for Windows 95/98/NT. Nucleic 
Acids Symp Ser, 41 (2), 95-98. 

7. Holmes, K.V.; Lai, M.M.C. (1996). Coronaviridae: the viruses and their 
replication, In: Fields, B. N.; Knipe, D. M.; Howley, P. M. (eds). Virology. 
Lippincott-Raven Publishers, Philadelphia, USA, p. 1075-1093. 

8. Kanno, T.; Kamiyoshi, T.; Ishihara, R.; Hatama, S.; Uchida, L (2009). 
Phylogenetic studies of bovine coronavimses isolated in Japan. / Vet Med Sci. 
71 (1), 83-6. 

9. Masters, P.S. (2006). The molecular biology of coronavimses. Adv. 
Virus Res. 66, 193-292. 

10. Pensaert, M.; Callebaut, P.; Cox, E. (1994). Enteric coronavimses of 
animals In: Kapikian, A.Z. (ed) Viral infections of the gastrointestinal 
tract. Marcel-Dekker , New York, USA, p. 627-696. 

11. Tegmeier, C; Uttenthall, A.; Friis, N.S.; Jensen, N.E.; Jensen, H.E. 
(1999). Pathological and microbiological studies on pneumonic lungs 
from Danish calves. J Vet Med, 46 (10), 693-700. 



812 



